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ABSTRACT  
In the present work, eight different species of adrenergic α2 
receptor agonist guanfacine have been theoretically studied in 
gas phase and in aqueous solution combining hybrid B3LYP/6-
31G* calculations with the Scaled Mechanical Quantum Force 
Field (SQMFF) methodology and the experimental available 
infrared and Raman spectra in order to perform their complete 
vibrational assignments. Hence, the different structures of 
three tautomeric forms of free base (A, B and C), two cationic 
(E and G), one anionic (D) and two hydrochloride (F and H) 
species of that antihypertensive agent were optimized in 
solution with the Integral Equation F variant Polarised 
Continuum Method (IEFPCM) and the universal solvation 
model. The anionic species of guanfacine presents the higher 
corrected solvation energy with valor of -301,60 kJ/mol, 
slightly lower than the corresponding to scopolamine alkaloid 
(-310.34 J/mol) and higher than the corresponding to cocaine 
alkaloid (-255.24 J/mol). The studies of the frontier orbitals 
have evidenced that in gas phase, the anionic D species is the 
most reactive while in solution the hydrochloride H species is 
the most reactive together with the anionic species. High global 
nucleophilicity (E) and electrophilicity indexes (ω) values 
have evidenced both cationic species E and G while the lower 
values of both indexes are predicted for the anionic D species 
in both media. In addition, the harmonic force fields, force 
constants and the complete vibrational assignments for the 63, 
66, 69 and 72 vibration normal modes expected for the anionic, 
free bases, cationic and hydrochloride species of guanfacine 
are respectively reported for first time. 
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INTRODUCTION 
The compound N-(diaminomethylidene)-2-(2,6-dichlorophenyl)acetamide, known as 
guanfacine, is an adrenergic α2 receptor agonist used to treatment of arterial hypertension [1-
14]. Its pharmacological properties and therapeutic efficacy as antihypertensive agent were 
reported from long time by Sorkin and Heel [1]. Generally, the form used of this drug is the 
hydrochloride but the free base, cationic and anionic forms also can be observed in different 
media. The guanfacine structure as free base was determined from the formation of a copper(II) 
complex by X-ray crystallography by Tomas et al [2]. Hence, this ability of guanfacine to form 
complexes with different metal is a very important property that could be used to control the 
concentration levels of diverse metals, such as Cu(II), because the arterial hypertension is one 
of considerable factors that generate cardiovascular diseases [5,8,15-17]. Nevertheless, three 
tautomeric forms of free base A, B and C and one anionic D were described for guanfacine in 
different media by Tomas et al [2] but the cationic E and hydrochloride F forms proposed by 
us in this work were not reported yet. These A, B, C, D, E and F guanfacine structures are 
presented in scheme 1. Note that the hydrochloride form F correspond to the neutral form of 
cationic E. However, other possible cationic G form was suggested by Tünde Jurca and Florin 
in the study on interaction of metal ions with guanfacine, as can be seen in scheme 2 [5]. 
Hence, other hydrochloride H structure could be also observed as a consequence of cationic G 
form. In this context, it is very important to identify what hydrochloride structure is the most 
stable taking into account that it pharmacological drug is the most used form of guanfacine. 
 
Scheme 1. Free bases, cationic, anionic and hydrochloride structures of guanfacine in different 
media. 
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Scheme 2. Additional cationic and hydrochloride structures of guanfacine 
Here, it is necessary to remember that the hydrochloride form in aqueous solution is presents 
as cationic one and, probably due to their higher solubility is quickly adsorbed in the human 
body [18-25]. Therefore, the aims of this work are the determinations of the most stable free 
base, cationic, anionic and hydrochloride species of guanfacine in gas phase and in aqueous 
solution in order to perform the complete vibrational assignments of these species because they 
are important to their identifications in different media by using the infrared and Raman spectra. 
So far, the structures and vibrational spectra of all species of guanfacine were not studied. To 
achieve these purposes the eight structures presented in both schemes were theoretically 
modeled and optimized in gas phase and in aqueous solution by using DFT calculations and 
the hybrid B3LYP/6-31G* method [26,27], in order to predict their vibrational spectra which 
later were combined with the experimental available infrared and Raman spectra and with the 
aid of Scaled Mechanical Quantum Force Field (SQMFF) methodology and the Molvib 
program the complete assignments of all these species were reported [28-30]. Here, all 
calculations in aqueous solution were performed by using Self-Consistent Reaction Field 
(SCRF) calculations [31-33]. In addition, the solvation energies, dipole moment values of those 
structures were compared and analyzed together with their reactivities and behaviors in both 
media [34-44]. In the same way, the theoretical geometrical parameters for all species were 
also compared with the corresponding experimental ones determined by X-ray diffraction [2]. 
Mechanical quantum calculations 
The GaussView program [45] was used to model the eight structures of guanfacine while with 
the Revision A.02 of Gaussian program were carried out the corresponding optimizations in 
gas phase and in aqueous solution [46]. Here, the Integral Equation F variant Polarised 
Continuum Method (IEFPCM) was employed in solution while the solvation energies of all 
species were predicted with the universal solvation model [31-33]. The structure of free base 
B was experimentally determined by Tomas et al [2] while the cationic E and hydrochloride F 
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species, proposed by us in this work, can be seen in Figure 1 and the other tautomeric forms 
of free base, A and C together with the anionic D form are presented in Figure 2. Figure 3 
shows the structures of cationic G form and its corresponding neutral hydrochloride H form. 
 
Figure 1. Theoretical molecular structures of free base B, cationic E and hydrocloride F species 
of N-(diaminomethylidene)-2-(2,6-dichlorophenyl)acetamide and atoms labeling. 
 
Figure 2. Theoretical molecular structures 
of free bases A and C and anionic species 
of N-(diaminomethylidene)-2-(2,6-
dichlorophenyl)acetamide and atoms 
labeling. 
 
Figure 3. Theoretical molecular structures 
of cationic G and hydrochloride H species 
of N-(diaminomethylidene)-2-(2,6-
dichlorophenyl)acetamide and atoms 
labeling. 
Corrections by Zero Point Vibrational Energy (ZPVE) were carried out for the solvation 
energies of all species while the volumes in both media were computed with the Moldraw 
program [47]. The reactivities and behaviours of all species were predicted with the frontier 
orbitals and some interesting descriptors [34-44] while the vibrational analyses were performed 
with the SQMFF methodology and the Molvib program by using transferable scaling factors 
and the normal internal coordinates. Hence, for all species, harmonic force fields and force 
constants were obtained [28-30]. To perform the vibrational assignments of bands observed in 
the infrared and Raman spectra to the normal vibration modes, only Potential Energy 
Distribution (PED) contributions major or equal to 10% were considered. Better correlations 
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in the Raman spectra were observed when the theoretical spectra expressed in activities were 
converted to intensities [48-49].  
RESULTS AND DISCUSSION 
Studies of all species in both media 
Calculated total uncorrected and corrected by ZPVE energies, dipole moments and volumes 
(V) of three tautomeric forms of free base (A, B and C), one anionic (D), two cationic (E and 
G) and two hydrochloride species (F and H) of guanfacine in gas phase and in aqueous solution 
are summarized in Table 1. All calculations were performed by using the B3LYP/6-31G* 
method. In the gas phase, the cationic G and the hydrochloride H species were optimized with 
imaginary frequencies while in solution only the hydrochloride F species presents imaginary 
frequencies.  
Table 1. Calculated total energies (E), dipole moments (µ) and volumes (V) of free base, 
cationic and hydrochloride species of guanfacine in gas phase and in aqueous solution by 












Free base A -1508.2469 -1508.0707 4.36 226.3 
Free base B -1508.2720 -1508.0955 3.49 229.6 
Free base C -1508.2550 -1508.0799 2.05 232.5 
Anionic D -1507.6747 -1507.5130 9.69 228.4 
Cationic E -1508.6567 -1508.4676 13.98 231.4 
Cationic G# -1508.6566 -1508.4676 14.31 231.8 
Hydrochloride F -1969.1013 -1968.9130 8.89 251.9 
Hydrochloride H# -1969.0907 -1968.9024 13.49 252.5 
Aqueous Solution 
Free base A -1508.2800 -1508.1033 7.59 227.3 
Free base B -1508.2956 -1508.1202 5.43 229.8 
Free base C -1508.2956 -1508.1202 5.43 229.3 
Anionic D -1507.7858 -1507.6229 12.10 229.1 
Cationic E -1508.7601 -1508.5708 17.53 230.8 
Cationic G# -1508.7601 -1508.5708 17.53 231.2 
Hydrochloride F# -1969.1402 -1968.9512 12.26 253.1 
Hydrochloride H -1969.1381 -1968.9487 17.69 252.7 
#Imaginary frequencies 
The results of Table 1 show that the tautomeric free base B form is the only most stable free 
base in gas phase than the other ones and it presents the higher volume in this medium while 
in solution, the free base forms B and C show the same energy values and both species are the 
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most stable increasing its dipole moments values in this medium. In solution, both cationic 
forms E and G show the same energy and dipole moment values but both forms evidence 
different volumes in the two media. From both hydrochloride forms, the F form is the most 
stable in gas phase but in solution the F form presents imaginary frequency while the form H 
in gas phase was optimized with imaginary frequency. In Figure 4 it is presented the variations 
in the dipole moment values and volumes for all species in both media.  
 
Figure 4. Behaviours of dipole moments 
(upper) and volumes (bottom) 
corresponding to the eight species of 
guanfacine in both media. 
From Figure 4 can be easily seen that the 
two cationic forms E and G together with 
the hydrochloride form H present the 
higher dipole moment values in both 
media while the free base C in gas phase 
has the lowest value. Obviously, the 
cationic charged species increase the 
dipole moment values in solution. Note 
that in solution, all species increase the 
dipole moment values due to their 
respective hydrations with solvent 
molecules. 
In relation to the volumes, practically the 
same behaviours are observed for all 
species in both media with exception of 
value for free base C where it is observed 
a significant diminishing in solution.  
Obviously, the hydrochloride species present the higher volumes in both media due to 
voluminous size of Cl atom. From Table 1, we observed that the total energy values corrected 
by ZPVE in both media present lower values than those uncorrected, a resulted similar to those 
observed in the free base, cationic and hydrochloride species of 2C-B, gramine and eucalyptol 
[25,50,51]. Corrected and uncorrected solvation energies by the total non-electrostatic terms 
and by ZPVE of eight species of guanfacine by using the B3LYP/6-31G* method are presented 
in Table 2 while in Table 3 are presented comparisons of most stable free base, cationic and 
hydrochloride species of guanfacine with the values determined for scopolamine, morphine, 
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heroin, cocaine and tropane alkaloids [18-22], cyclizine, gramine [24,50] and 2C-B [25]. On 
the other hand, the behaviours of corrected solvation energies and volume variations of eight 
different species of guanfacine can be easily seen in Figure 5 while comparisons and 
behaviours of corrected solvation energies of most stable free base, cationic and hydrochloride 
species of guanfacine with the values reported for other species are given in Figure 6. 
Table 2. Corrected and uncorrected solvation energies by the total non-electrostatic 
terms and by zero point vibrational energy (ZPVE) of free base, cationic, anionic and 
hydrochloride species of guanfacine in aqueous solution by using the B3LYP/6-31G* 
method.  
B3LYP/6-31G* methoda 
Solvation energy (kJ/mol) 
V (Å3) 
Species Gun
# Gne Gc 
Free base A -85.51 20.10 -105.61 1.0 
Free base B -64.79 16.80 -81.59 0.2 
Free base C -105.71 16.80 -122.51 -3.2 
Anionic D -288.27 13.33 -301.60 0.7 
Cationic E -270.69 23.20 -293.89 -0.6 
Cationic G# -270.69 23.20 -293.89 -0.6 
Hydrochloride F -100.20 22.40 -122.60 1.2 
Hydrochloride H -121.44 22.15 -143.59 0.2 
aThis work 
Gun
#= uncorrected solvation energy, Gne= total non-electrostatic terms, Gc= corrected 
solvation energies. aThis work.  
Table 3. Corrected and uncorrected solvation energies by the total non-electrostatic 
terms and by zero point vibrational energy (ZPVE) of free base, cationic and 
hydrochloride species of guanfacine in aqueous solution by using the B3LYP/6-31G* 
method.  
B3LYP/6-31G* methoda 
Gc, Solvation energy (kJ/mol) 
Species Free base Cationic Hydrochloride 
Guanfacinea -81.59 -293.89 -143.59 
Gramineb -34.89 -261.58 -115.51 
2C-Bc -49.31 -308.69 -122.58 
S(-)-Promethazined -36.07 -14.48 -70.44 
R(+)-Promethazined -17.87 -262.81 -52.02 
Cyclizinee -29.53 -244.36 -105.06 
Morphinef -60.91 -309.19 -144.74 
Cocaineg -71.26 -255.24 -138.14 
Scopolamineh -75.47 -310.34 -122.74 
Heroini -88.67 -323.14 -161.94 
Tropanej -12.55 -244.33 -87.18 
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aThis work, bFrom Ref [50], cFrom Ref [25], dFrom Ref [52], eFrom Ref [24], fFrom Ref [18], 
gFrom Ref [20], hFrom Ref [43], iFrom Ref [21], jFrom Ref [19] 
Table 2 and Figure 5 show that the charged D, E and G species present higher solvation 
energies, as expected, because these species are most hydrated in solution due to their charges 
and, in particular, the anionic D species presents the highest value. Later, the two cationic E 
and G species have the same values indicating probably that the solvation energy values for 
these species are independent on the position of positive charges on the N atoms, those are, on 
the N-H group in the cationic form E or on NH2 group in the cationic form G, as observed from 
Scheme 2.  
 
Figure 5. Comparisons of corrected solvation 
energies (upper) and volume variations (bottom) 
of free base, cationic and hydrocloride species of 
guanfacine with those corresponding to other 
species by using the B3LYP/6-31G* method. 
Moreover, the free base B has the 
lowest corrected solvation energy in 
aqueous solution (-81.59 kJ/mol) and 
the lower volume variation (0.2 Å3) 
together with the hydrochloride form 
H. In relation to the volume 
variations, Figure 5 shows clearly 
that the two cationic E and G species 
(-0.6 Å3) and the free base C present 
volume contractions, being most 
notable in the free base C with a value 
of -3.2 Å3 while volume expansions 
are observed in the other species. The 
hydrochloride form F together with 
the free base A present the higher 
volume expansions in solution (1.2-
1.0 Å3).  
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Figure 6. Comparisons of corrected solvation energies 
of free base, cationic and hydrocloride species of 
guanfacine with those corresponding to other species by 
using the B3LYP/6-31G* method. 
In Figure 6 are observed the 
different behaviors for the free base 
B, cationic G and hydrochloride H 
species of guanfacine with the 
corresponding to gramine [50], 2C-
B [25], S(-)- and R(+)-
Promethazine [52], cyclizine [24], 
morphine [18], cocaine [20], 
scopolamine [43], heroin [21] and 
tropane [19]. 
Here, it is necessary to clarify that the compared species of guanfacine presented in Table 2 
are the free base B because it species is the most stable than the other ones (see Table 1) and 
the cationic form G and the hydrochloride form H because both species were optimized with 
all positive frequencies. Figure 6 shows that free base species of all compounds present the 
lower corrected solvation energies values, presenting the species corresponding to tropane the 
lowest value. Note that all cationic species have higher corrected solvation energies values 
where clearly the species of 2C-B and heroin have the highest values. Here, from Table 3 and 
Figure 6 we observed that the free base B of guanfacine (-81.59 kJ/mol) present a next value 
to heroin (-88.67 kJ/mol), the cationic form G (-293.89 kJ/mol) has a value near to 2C-B (-
308.69 kJ/mol) and, finally, the solvation energy value for the hydrochloride form H of 
guanfacine (-143.59 kJ/mol) is closer to value of morphine (-144.74 kJ/mol). 
Geometries of all species in both media 
Calculated geometrical parameters for the six species of guanfacine in gas phase by using the 
hybrid B3LYP/6-31G* method are compared in Table 4 with those experimental determined 
by Tomas et al [2] for the free base B by using the root-mean-square deviation (RMSD) values. 
In Table 5 are presented the values in solution. 
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Table 4. Comparisons of calculated geometrical parameters of six species of guanfacine 
in gas phase with experimental values taken for free base from Ref [2]. 
B3LYP/6-31G* Method 
Parameters 
Free base Anionic Cationic Hydrochloride 
Experimental b 
A B C D E F 
Bond lengths (Å) 
C7-C8 1.505 1.505 1.511 1.508 1.508 1.505 1.494(3) 
C8-C13 1.542 1.534 1.517 1.516 1.516 1.523 1.526(3) 
C13-O3 1.210 1.237 1.313 1.211 1.211 1.224 1.241(3) 
N4-C13 1.389 1.373 1.303 1.427 1.427 1.387 1.342(3) 
N4-C15 1.413 1.320 1.390 1.366 1.366 1.364 1.351(3) 
N5-C15 1.272 1.372 1.372 1.337 1.337 1.325 1.325(3) 
N6-C15 1.403 1.353 1.303 1.322 1.322 1.335 1.323(3) 
RMSDb 0.049 0.027 0.040 0.035 0.035 0.020  
Bond angles (º) 
C7-C8-C13 112.3 113.8 114.5 112.7 112.7 113.0 113.0(2) 
O3-C13-C8 122.8 120.6 115.1 125.4 125.4 124.1 118.1(2) 
N4-C13-C8 112.3 111.6 118.1 120.7 113.7 112.5 113.9(2) 
O3-C13-N4 124.8 127.6 126.6 120.7 120.7 123.3 128.0(2) 
C13-N4-C15 127.0 119.4 118.0 125.8 125.8 125.8 120.2(2) 
N4-C15-N5 121.1 116.9 112.3 118.3 118.3 116.4 116.7(2) 
N4-C15-N6 109.9 126.1 122.5 120.0 120.0 120.2 125.0(2) 
N5-C15-N6 128.7 116.8 125.1 121.5 121.5 123.2 118.3(2) 
RMSDb 7.4 1.4 3.7 5.3 4.7 4.2  
Dihedral angles (º) 
C7-C8-C13-N4 154,4 179,3 147,8 -153,3 -153,3 179,9  
C8-C13-N4-C15 170,0 176,9 177,2 -177,7 -177,7 179,9  
C13-N4-C15-N5 -35,4 -173,6 -177,4 -179,7 -179,7 0,0  
C13-N4-C15-N6 149,0 5,9 0,8 0,31 0,3 -179,9  
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Table 5. Comparisons of calculated geometrical parameters of derived species from 
guanfacine in aqueous solution with experimental values taken for free base from [2]. 
B3LYP/6-31G* Method 
Parameters 
Free base Anionic Cationic Hydrochloride 
Experimental b 
A B=C D E=G H 
Bond lengths (Å) 
C7-C8 1.505 1.506 1.506 1.506 1.506 1.494(3) 
C8-C13 1.534 1.534 1.550 1.519 1.521 1.526(3) 
C13-O3 1.226 1.252 1.263 1.223 1.224 1.241(3) 
N4-C13 1.373 1.354 1.329 1.391 1.388 1.342(3) 
N4-C15 1.411 1.344 1.384 1.374 1.377 1.351(3) 
N5-C15 1.386 1.352 1.405 1.326 1.326 1.325(3) 
N6-C15 1.282 1.340 1.301 1.320 1.321 1.323(3) 
RMSDb 0.038 0.015 0.037 0.022 0.022  
Bond angles (º) 
C7-C8-C13 112.9 113.9 113.5 112.8 112.8 113,0(2) 
O3-C13-C8 122.6 119.2 117.4 123.8 124.0 118,1(2) 
N4-C13-C8 112.2 128.1 112.8 113.4 113.1 113,9(2) 
O3-C13-N4 125.0 128.1 129.7 122.6 122.8 128,0(2) 
C13-N4-C15 129.1 120.1 121.4 126.6 126.8 120,2(2) 
N4-C15-N5 110.8 116.6 111.7 117.4 118.0 116,7(2) 
N4-C15-N6 121.8 125.6 125.3 120.6 121.1 125,0(2) 
N5-C15-N6 127.1 117.7 122.4 121.8 120.7 118,3(2) 
RMSDb 5.4 5.1 2.5 4.1 4.0  
Dihedral angles (º) 
C7-C8-C13-N4 -173.2 168.7 152.5 -164.7 -177.9  
C8-C13-N4-C15 -176.8 178.7 170.2 -177.9 -178.5  
C13-N4-C15-N5 166.9 -176.5 144.8 -177.3 179.3  
C13-N4-C15-N6 -17.2 2.2 -42.8 2.8 -0.5  
aThis work, bRef [2], Hydrochloride F imaginary frequencies 
Table 4 shows that the better correlations in bond lengths in gas phase are observed for the free 
base B and the hydrochloride F species (0.027-0.020 Å) while the lower RMSD value for bond 
angles only for the free base B is observed. In solution, the RMSD values decrease presenting 
the lowest value in bond lengths the free base B. Analyzing the bond lengths, the C13=O3 
distance for the free base C presents the lower value but in solution the double bond character 
decreases while the N4-C15 distances for the free base in both media present the lower values 
confirming the double bond character only for this species, as observed in Scheme 1 and Fig. 
1. Note that the N4-C13 bond present double bond character in the free base C in gas phase 
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and in the anionic D species in solution, as expected because this anion exist only in this media. 
In relation to N5-C15 bond, the free base A present the higher value in gas phase while in the 
other species this bond present partial double bond character. In the free base A in gas phase, 
the N6-C15 distance practically has simple bond character while in all species have double 
bond character in solution. On the other hand, the differences among the species in gas phase 
and in aqueous solution can be easily seen from dihedral angles. Thus, in Figure 7 are 
presented the most important changes only observed for the dihedral angles of the free base A 
and anionic D species of guanfacine in both media.  
 
Figure 7. Variations in dihedral angles for the 
free base A and anionic D species of guanfacine 
in both media by using the B3LYP/6-31G* 
method. 
The four dihedral angles considered are 
D1: C7-C8-C13-N4, D2: C8-C13-N4-
C15, D3: C13-N4-C15-N5 and D4: 
C13-N4-C15-N6. The tautomeric free 
base A presents the four dihedral 
angles in gas phase different from the 
values observed in aqueous solution 
while in the anionic D species the 
dihedral D1, D2 and D3 present 
approximately the same values and 
negative signs in gas phase changing to 
positive signs in solution. On the 
contrary, the dihedral angles D4 in both 
media have different signs than the 
other ones, as can be seen in Fig. 7. 
The low RMSD values in the bond lengths and angles of all species of guanfacine suggest that 
these structures can be used to perform the vibrational assignments. 
Frontier orbitals and quantum global descriptors studies 
The gap values for all species of guanfacine in both media were calculated according Parr and 
Pearson by using the frontier orbitals [53]. From the differences between both orbitals for each 
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species were computed the chemical potential (μ), electronegativity (χ), global hardness (η), 
global softness (S), global electrophilicity index (ω) and global nucleophilicity index () 
descriptors by means of characteristics equations and the hybrid B3LYP/6-31G* level of 
theory [34-44]. Thus in Table 6 are presented the gap values together with the descriptors for 
all species of guanfacine in both media.  
Table 6. Frontier molecular orbitals, gap values and descriptors for all species of 




Free base Anionic cation hydrochloride 
A B C D E F 
HOMO -6.5983 -6.4683 -6.7021 -0.9308 -9.4806 -5.8096 
LUMO -0.6566 -0.3734 -0.6092 2.4918 -5.3392 -1.4160 
GAP 5.9417 6.0949 6.0929 3.4226 4.1414 4.3936 
Descriptors 
Descriptor A B C D E F 
 -2.9709 -3.0475 -3.0465 -1.7113 -2.0707 -2.1968 
 -3.6275 -3.4209 -3.6557 0.7805 -7.4099 -3.6128 
 2.9709 3.0475 3.0465 1.7113 2.0707 2.1968 
S 0.1683 0.1641 0.1641 0.2922 0.2415 0.2276 
 2.2146 1.9200 2.1933 0.1780 13.2580 2.9708 
 -10.7766 -10.4249 -11.1368 1.3357 -15.3437 -7.9366 
AQUEOUS SOLUTION 
Orbital 
Free base Anionic cation hydrochloride  
A B=C D E=G H  
HOMO -6.4803 -6.2843 -0.6700 -9.3846 -4.9437  
LUMO -0.6452 -0.2563 2.4584 -5.4117 -1.8675  
GAP 5.8351 6.0280 3.1284 3.9729 3.0762  
Descriptors 
Descriptor A B=C D E=G H  
 -2.9176 -3.0140 -1.5642 -1.9865 -1.5381  
 -3.5628 -3.2703 0.8942 -7.3982 -3.4056  
 2.9176 3.0140 1.5642 1.9865 1.5381  
S 0.1714 0.1659 0.3197 0.2517 0.3251  
 2.1753 1.7742 0.2556 13.7765 3.7703  
 -10.3945 -9.8567 1.3987 -14.6961 -5.2382  
aThis work 
 = - [E(LUMO)- E(HOMO)]/2 ;  = [E(LUMO) + E(HOMO)]/2;  = [E(LUMO) - E(HOMO)]/2; 
S = ½;  = 2/2  
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In gas phase, the anionic D species has the low gap value and, for this reason, it species is the 
most reactive while in solution the hydrochloride H species is the most reactive together with 
the anionic species. Here, the three tautomeric free bases are the less reactive species in both 
media, being in particular the B species the less reactive. For these reasons, from 
pharmacological point of view the hydrochloride species are the preferred for the preparations 
and design of new drugs. Evaluating the descriptors, we observed that in solution the value 
decrease, as compared with the values in gas phase. Both cationic species E and G show high 
global nucleophilicity () and electrophilicity indexes (ω) values while, on the contrary, the 
anionic D species in both media show the lower values of both indexes. 
Vibrational study 
The structures corresponding to the anionic D, three free bases A, B and C, the two cationic E 
and G and the two hydrochloride F and H species of guanfacine in both media were optimized 
with C1 symmetries. The expected normal vibration modes for the anionic, free bases, cationic 
and hydrochloride species are 63, 66, 69 and 72, respectively. In Figure 8 are compared the 
experimental available infrared spectrum of free base species of guanfacine in the solid state 
with the corresponding predicted for the three free bases A, B and C and for the anionic D by 
using the hybrid B3LYP/6-31G* method while in Figure 9 are compared the experimental IR 
spectrum with the predicted for the two cationic and hydrochloride species. Both experimental 
available infrared and Raman spectrum were taken from [4,8]. In Figure 10 are compared the 
experimental available Raman spectrum of free base of guanfacine with the corresponding 
predicted for the three free bases A, B and C and for the anionic D species while in Figure 11 
the experimental Raman spectrum are compared with the predicted for the two cationic E, G 
and for the hydrochloride F and H species by using the hybrid B3LYP/6-31G* method. Here 
it is necessary to clarify that all theoretical IR and Raman spectra presented in the Figures from 
8 to 11 correspond to predicted for all species in gas phase with exception of spectra presented 
in Figures 9 and 11 which correspond to the cationic G and hydrochloride H species in aqueous 
solution because they were optimized in gas phase with imaginary frequencies, as observed in 
Table 1. The Raman spectra for all species predicted in activities were transformed to 
intensities by means of recognised equations proposed [48,49]. From Fig. 8 we can easily see 
that the better IR spectra correlations are observed for the free base B although the band of 
medium intensity at 775 cm-1 is only justified by the cationic E species. However, the anionic 
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D species also shows a band in this region but this species only exists when the enol OH group 
in the tautomeric form C is deprotonated in alkaline medium [2]. 
Figure 8. Experimental available 
infrared spectrum of free base species of 
guanfacine in solid phase [4] compared 
with the predicted for free bases and 
anionic species by using the hybrid 
B3LYP/6-31G* method. 
Figure 9. Experimental available 
infrared spectrum of free base species of 
guanfacine in solid phase [4] compared 
with the predicted for cationic and 
hydrochloride species by using the 
hybrid B3LYP/6-31G* method. 
From experimental IR spectrum, it is easy to see that the hydrochloride F and H forms are not 
present in the solid phase because the very strong IR bands predicted at 2549 cm-1 in the form 
E and at 3329 cm-1 in the form H are not observed in the experimental spectrum. Hence, these 
results are similar to those observed in some alkaloids and antihistaminic hydrochloride species 
where the hydrochloride forms are not present in the solid phase [18-25]. The harmonic force 
fields for all species of guanfacine were computed at the same level of theory by using their 
corresponding normal internal coordinates with the SQMFF approach [28] and the Molvib 
program [30]. In the scaling, process were employed the scale factors suggested by Rauhut and 
Pulay [29]. The scaled force fields and PED contributions higher or equal to 10% were used to 
perform the complete vibrational assignments of all normal vibration modes to the bands 
observed in both infrared and Raman spectra. The observed and calculated wavenumbers and 
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assignments for the most stable free base B, the cationic E, hydrochloride F and anionic D 
species of guanfacine are summarized in Table 7. Then, a brief discussion of some vibration 
modes are presented at continuation. 
 
Figure 10. Experimental available 
infrared spectrum of free base species of 
guanfacine in solid phase [8] compared 
with the predicted for free bases and 
anionic species by using the hybrid 
B3LYP/6-31G* method. 
 
Figure 11. Experimental available 
infrared spectrum of free base species of 
guanfacine in solid phase [8] compared 
with the predicted for cationic and 
hydrochloride species by using the 
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Table 7. Observed and calculated wavenumbers (cm-1) and assignments of most stable 
free base, anionic, cationic and hydrochloride species of guanfacine.  
Experimental 
B3LYP/6-31G* Methoda 
Free base B Cationic E Hydrochloride F Anionic D 
IRc Ramand SQMb Assignmentsa SQMb Assignmentsa SQMb Assignmentsa SQMb Assignmentsa 
  3534 aNH2(N5) 3546 aNH2(N5) 3534 aNH2(N6)   
  3503 aNH2(N6) 3507 aNH2(N6)     
3350m  3425 sNH2(N5) 3454 N4-H25 3511 aNH2(N5) 3442 aNH2(N5) 
3329s 3317w   3444 sNH2(N5) 3315 sNH2(N6) 3338 sNH2(N5) 
3210m 3283w 3288 sNH2(N6) 3286 sNH2(N6)   3188 N6-H23 
3150m 3147w 3099 C12-H19 3107 C12-H19 3101 C11-H18 3087 C11-H18 
 3096w 3095 C11-H18 3104 C11-H18 3098 C12-H19 3082 C12-H19 
3000m 3074m 3070 C14-H20   3074 C14-H20 3053 C14-H20 
2900m 3031w 3001 aCH2(C8) 3084 C14-H20 2993 aCH2(C8) 3029 aCH2(C8) 
2973w 3004w   2974 aCH2(C8) 2957 sCH2(C8)   
2858w 2917m 2964 sCH2(C8) 2934 sCH2(C8) 2842 sNH2(N5) 2954 sCH2(C8) 
      2549 N4-H25   
1700m 1751m   1772 C13=O3 1724 C13=O3   











 1584m 1594 
δNH2(N5) 
C15-N6 
1583 C9-C11 1588 ρN4-H25 1580 C9-C11 






















1450m 1458w 1507 C15-N5 1486 δNH2(N6) 1462 δNH2(N6)   

















  1427 δNH2(N6)     1424 C7-C10 






1410s 1401w   1403 δCH2 1417 δCH2   




1363 wagCH2 1367 wagCH2   






1298 C7-C10 1293 
N4-C13 
N4-C15 
 1288w 1272 
wagCH2 
N4-C13 
    1284 C7-C9 










 1202m 1219 
ρCH2 
C9-C11 
  1213 N4-C13 1214 
C10-C12 
C12-H19 
1182sh 1174w 1193 C7-C8 1198 C7-C8 1192 C7-C8 1187 C7-C8 
1170s    1181 C12-H19 1175 C12-H19   
1155m 1155w 1165 
C14-H20 
C12-H19 
    1151 C14-H20 
1128m 1135w 1136 ρCH2 1151 C14-H20 1145 C14-H20 1145 
ρNH2 
δH23N6C15 
1095m 1102w   1100 ρC13=O3     




 1071s 1078 ρNH2(N5)   1081 ρNH2(N6)   
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1056m  1068 
C14-C12 
C14-C11 
1068 R1(A1) 1070 R1(A1) 1068 δN6C15N4 









1041sh    1058 ρNH2(N5)   1058 R1(A1) 










980 C14-H20   
972w  960 C14-H20       
 950m   934 N4-C13 944 δC13N4C15 932 C14-H20 
935m  921 δC13N4C15     918 
δN6C15N4  
δN5C15N4 






888m  889 
C12-H19 
C11-H18 
  887 wCH2 877 
wCH2 
C13=O3 
860w 875w   877 wCH2 863 N4-H25 873 
C12-H19 
C11-H18 























775m 774w 771 
C14-H20 
C11-H18 
  771 wNH2(N5) 769 
R1(A1)  
δN5C15N4 
 761w 762 C15-N5     755 
C14-H20 
C12-H19 









 713w   717 C15-N5 723 C15-N5   
 713w   701 wNH2(N6)   702 N6-C15 
690w  681 
R1(A1) 
wNH2(N6) 
682 R1(A1)     
 678w 672 R1(A1)   678 R1(A1) 669 wagNH2 
650w 657w     644 wNH2(N6) 653 R1(A1) 
627sh 638w 630 R3(A1) 631 R3(A1) 630 R3(A1) 629 
δN6C15N5  
δN6C15N4 
600w  570 
C13=O3 
wagNH2(N5) 
573 N4-H25     
550w 550m 546 wagNH2(N5) 541 C13=O3 543 C13=O3 556 
δN6C15N4 
δN6C15N5  












 512w 516 
R2(A1)  
R3(A1) 
520 δN6C15N5 523 δN6C15N5 523 
C9-Cl1 
C10-Cl2 
 490w   497 R2(A1)     
 490w 493 δN6C15N5 491 wagNH2(N6) 504 R2(A1) 489 
δN6C15N5  
δN5C15N4 










 456w 447 
ρC15-N4  
ρC13=O3 







 413m 413 wagNH2(N6) 422 ρC15-N4     
 403vs 396 
C10-Cl2 
C9-Cl1 
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 289w 279 
C9-Cl1 
C10-Cl2 







    270 
C9-Cl1 
C10-Cl2 
276 wagNH2(N6) 271 δN6C15N5 
 259m   242 wNH2(N5) 247 δC8C13N4   
 226m 238 
C10-Cl2 
C9-Cl1 
236 C9-Cl1 227 νH25-Cl26 217 
δN6C15N4 
δN5C15N4  
 197s 199 R2(A1) 198 R3(A1) 199 R3(A1) 199 
R2(A1)  
R3(A1) 




 174sh 178 δC8C13N4 175 
δC8C13N4 
C10-Cl2 
    
  140 N4-C15     157 δN5C15N4 
 119s   109 
C13-N4 
N4-C15 
  124 C13-N4 




 86s 94 R3(A1)   99 C13-N4 94 
δN6C15N4 
R3(A1) 
 86s   83 C13-N4 82 N4-C15   
 64vs 73 C13-N4   71 N4H25Cl26   






58 wagNH2(N5) 59 
δC7C8C13 
C7-C8 




 16vw 18 C8-C13 26 wC8-C7   38 wC8-C7 
 16vw 14 wC8-C7 14 C8-C13 16 wC8-C7 19 C8-C13 
 3w     9 C8-C13 12 N4-C15 
Abbreviations: , stretching;  deformation in the plane;  deformation out of plane; wag, wagging; torsion; 
R, deformation ring R, torsion ring; , rocking; w, twisting; , deformation; a, antisymmetric; s, symmetric; 
(A1), Ring 1. aThis work, bFrom scaled quantum mechanics force field, cFrom Ref [4], dFrom Ref [8]. 
Band Assignments  
4000-2000 cm-1 region. In this region are expected the antisymmetric and symmetric stretching 
modes of NH2 and CH2 groups and also the stretching modes corresponding to the three 
aromatics C-H bonds belonging to free base B, cationic E, hydrochloride F and anionic D 
species of guanfacine. Besides, the N-H stretching modes of anionic, cationic and 
hydrochloride species are also expected. The SQM calculations predicted the two stretching 
modes of NH2 groups to higher wavenumbers than the corresponding to CH2 groups and, 
moreover, the antisymmetric modes at higher wavenumbers than the corresponding 
symmetrical. In the anionic species, the N-H stretching modes is predicted at 3188 cm-1 while 
in the cationic and hydrochloride species these modes are predicted at 3454 and 2549 cm-1, 
respectively. Hence, the absence of the band predicted at 2549 cm-1 in the experimental 
spectrum clearly indicate that the hydrochloride species is not presents in the solid phase. The 
www.ijsrm.humanjournals.com 
Citation: Silvia Antonia Brandán  et al. Ijsrm.Human, 2019; Vol. 12 (4): 74-98. 
93 
assignments of all these modes were performed as predicted by SQM calculations and, as was 
detailed in Table 7. 
2000-1000 cm-1 region. This region is characteristic of C=O, C-C and C-N stretching modes, 
deformation and rocking modes of NH2 and CH2 groups, wagging modes of CH2 groups, 
rocking modes of C-H and N-H groups and, some deformations of dichlorophenyl rings can 
also be observed. Thus, the IR band at 1700 cm-1, observed in the Raman spectrum at 1751 
cm-1, is clearly assigned to the C13=O3 stretching modes of cationic and hydrochloride species. 
Note that the free base and the anionic species are predicted at lower wavenumbers. Here, both 
C15-N5 and C15-N6 stretching modes of the cationic species are predicted with double bond 
characters at 1687 cm-1 (C=N) indicating that the cationic species E is the same than the 
cationic G because these species have the same reactivities and solvation energies in solution 
(see Scheme 1 and Tables 2 and 6). Therefore, the IR band at 1690 cm-1 is simultaneously 
assigned to C=N stretching modes, deformation NH2 and rocking N-H modes, among other. 
For all species of Table 7, the C=C stretching modes corresponding to dichlorophenyl rings 
are predicted between 1583 and 1562 cm-1 and, for this reason, they are assigned in these 
regions.  
1000-10 cm-1 region. Here, four the species of guanfacine some C-C, C-N and C-Cl stretching, 
other C-H, C-C and C=O deformations out-of-plane, wagging and twisting NH2, twisting CH2 
and deformations and torsions of dichlorophenyl rings modes are expected. The assignments 
for those modes were performed as predicted by SQM calculations and by comparison with 
species containing similar groups [18-25,34-44]. The assignments detailed of those modes are 
presented in Table 7. 
Force Fields 
The force constants are interesting parameters that describe the force and characteristics of 
different bonds, hence, the knowledge of these factors in the guanfacine species are very useful 
to identify the nature of different C15-N4, C15-N5 and C15-N6 bonds because the double or 
simple bond character of these bonds change in the free base, cationic, hydrochloride and 
anionic species. Therefore, the harmonic force constants were calculated for all species of 
guanfacine by using the 6-31G* method and the corresponding harmonic force fields expressed 
in internal coordinates. First, the harmonic force fields were computed in Cartesian coordinates 
with the SQMFF procedure [28] and the Molvib program [30] and, then, they were converted 
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to internal coordinates. In Table 8 are given the scaled force constants for five species of 
guanfacine in gas phase compared with those reported for the corresponding species of gramine 
alkaloid in the same medium [50].  
Table 8. Scaled internal force constants for the most stable anionic, free base, cationic 
and hydrochloride species of guanfacine by using the B3LYP/6-31G* method. 
Force constant 
Guanfacinea Gramineb 
Free base B Cationic E HCl F Anionic D Free base Cationic HCl 
f(NH2) 6.56 6.58 6.04 6.39    
f(C=O) 10.48 12.18 11.38 10.53    
f(N-H)  6.60 4.50 5.65  6.00 2.80 
f(C-N) 7.08 7.06 7.44 6.73 6.15 6.30 6.25 
f(CH2) 4.91 4.82 4.88 4.93 4.48 4.92 4.82 
f(C-H)R 5.23 5.26 5.24 5.18 5.18 5.20 5.18 
f(C=C) 6.55 6.56 6.55 6.50 7.30 7.00 7.20 
f(C-C) 4.04 4.14 4.13 3.51 4.50 4.90 4.70 
f(CH2) 0.75 0.74 0.74 0.75 0.80 0.80 0.80 
Units are mdyn Å-1 for stretching and mdyn Å rad-2 for angle deformations 
aThis work, bFrom Ref [50], HCl= Hydrochloride species 
Analysing first the force constants for the five guanfacine species, we observed that f(NH2) 
force constant for the cationic species shows the higher value because in this species the charge 
is located on the N atom of N-H group while in the hydrochloride species the charge is 
neutralized due to Cl atom. Probably, the proximity of Cl atom to a NH2 group diminishes the 
corresponding force constant. In relation to the f(C=O) force constants, the cationic species 
presents the higher value because the B3LYP/6-31G* calculations predicted the lower C=O 
distance for this species while in the anionic species the higher distance clearly justify the low 
force constant value. Here, the f(N-H) force constant for the cationic species presents the 
higher value while in the hydrochloride species the force constant value quickly decrease due 
to Cl atom. In this hydrochloride species, the N-H bond is most weak due to that the H atom is 
linked to Cl atom by means of an ionic interaction and, hence, the force constant value is low 
compared with the cationic one. This result is also observed in the species of gramine and 
cyclizine [24,50]. Evaluating the f(C-H)R force constants corresponding to the dichlorophenyl 
rings and the f(C-N), f(C=C) and f(C-C) force constants of all species, it is clearly observed 
that the anionic D species presents the lower values possibly due to the negative charge on O 
atom that generates modifications in its structure and, for these reasons, changes in the force 
constants values are observed. When the force constants values for guanfacine species are 
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compared with the reported for the gramine species it is observed that the f(C-N) force 
constants of guanfacine are higher than the corresponding to gramine while, on the contrary, 
the f(C=C) force constants of gramine species are higher than the guanfacine species. These 
latter results can easily be justified because in the gramine species the phenyl ring is fused to 
indol ring. In general, the f(CH2) and f(CH2) force constants are in concordance with values 
reported in the literature for compounds with similar groups [18-25,34-44,50-52].  
CONCLUSION 
In the present work, the molecular structures of three taumomeric forms of free base (A, B and 
C), two cationic (E and G), one anionic D and two hydrochloride (F and H) species of 
antihypertensive agent guanfacine were theoretically determined in gas phase and in aqueous 
solution by using the hybrid B3LYP/6-31G* method. The structures of all species in solution 
were optimized with the polarized continuum (PCM) model while the corrected solvation 
energies were computed with the universal solvation model. The optimizations of tautomeric 
free bases have evidenced that the three A, B and C species are different in gas phase while in 
aqueous solution the species B and C presenting the same energies, volume and dipole moment 
values but the variations in its corrected solvation energy values by ZPVE indicating clearly 
that B is different from C. On the other hand, the two cationic species E and G have the same 
energy values in both media but different dipole moment values in gas phase are observed. 
Besides, G has evidenced imaginary frequency in gas phase. In solution, both species could be 
the same although the volumes are slightly different between them. In relation to both 
hydrochloride species, F exists in gas phase while H in aqueous solution. The anionic D species 
in both media presents positive frequencies while in solution exists when the enol OH group 
in the tautomeric form C is deprotonated in alkaline medium, as was suggested experimentally 
[2]. The comparisons among the predicted geometrical parameters and the corresponding 
experimental ones have evidenced good correlations in the bond lengths and angles, however, 
significant differences in the dihedral angles are observed. 
The higher corrected solvation energy value is observed for the anionic species of guanfacine 
with a valor of -301,60 kJ/mol, slightly lower than the corresponding to scopolamine alkaloid 
(-310.34 J/mol) and higher than the corresponding to cocaine alkaloid (-255.24 J/mol). The 
frontier orbitals studies have evidenced that in gas phase, the anionic D species has the lowest 
gap value and, for this reason, it species is the most reactive while in solution the hydrochloride 
H species is the most reactive together with the anionic species. High global nucleophilicity 
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() and electrophilicity indexes (ω) values have showed both cationic species E and G while 
the lower values of those two indexes are predicted for the anionic D species in both media. In 
addition, the harmonic force fields, force constants and the complete vibrational assignments 
for the 63, 66, 69 and 72 vibration normal modes expected for the anionic, free bases, cationic 
and hydrochloride species of guanfacine are respectively reported for first time. 
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